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Abstract
The pentaacetate esters of selected hexoses were recently found to stimulate insulin release. The kinetics of their hydrolysis
was now investigated in both rat pancreatic islet homogenates and intact islets. In islet homogenates, the hydrolysis of K-D-
glucose pentaacetate, as judged from the measurement of acetate production, displayed a pH optimum of 7.4 and a Km for
the ester of 0.95 mM. At pH 7.4, the reaction velocity was about 5 times higher than the rate of K-D-glucose pentaacetate
hydrolysis by intact islets, as judged from the ester-induced increase in the acetate content of both the islet and surrounding
incubation medium. Comparable results were obtained in intact islets exposed to either L-L-glucose pentaacetate or L-D-
galactose pentaacetate. The ester content of the islets after 120 min incubation was close to 0.1 nmol/islet, yielding an
apparent intracellular concentration at least one order of magnitude higher than the extracellular concentration (1.7 mM).
These findings indicate that hexose esters that either stimulate insulin release or fail to do so are equally well taken up and
hydrolyzed by islet cells. They are compatible, therefore, with the view that the insulinotropic action of some of these esters
may be favored by the catabolism of their hexose moiety, although some other mechanisms for stimulation of insulin release
must be operative in the case of L-L-glucose pentaacetate. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction
The pentaacetate esters of both K- or L-D-glucose
and L-L-glucose were recently reported to stimulate
insulin release in rat pancreatic islets, whereas the
anomers of D-galactose pentaacetate fail to do so
[1]. Further studies suggest that the secretory re-
sponse to these esters may be attributable to both
the direct activation of a taste-like receptor system
by the esters themselves [2] and the catabolism of
their hexose moiety in the islet cells [3].
The major aim of the present study is to investi-
gate the kinetics of K-D-glucose pentaacetate hydro-
lysis in islet homogenates and to compare the hydro-
lysis of this ester to that of L-L-glucose pentaacetate
and L-D-galactose pentaacetate in intact islets. These
investigations take advantage of the development of
a sensitive procedure for the assay of acetate in the
sequence of reactions catalyzed by acetate kinase,
pyruvate kinase and lactate dehydrogenase.
2. Materials and methods
The K-anomer of D-glucose pentaacetate and
L-anomer of L-glucose pentaacetate were purchased
from Sigma Chemicals (St. Louis, MO, USA). The
L-anomer of D-galactose pentaacetate was synthe-
sized as described elsewhere [4].
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All experiments were conducted in freshly isolated
pancreatic islets prepared by the collagenase proce-
dure [5] from female Wistar rats (about 200 g body
wt.; B and K Universal, Hull, UK) given free access
to food (KM-04-k12; Pavan Service, Oud Turnhout,
Belgium) up to the time of killing by decapitation.
For measuring the esterase activity in islet homo-
genates, the islets were sonicated (3U10 s) in a
HEPES-NaOH bu¡er (50 mM, pH 7.4) containing
0.5 mM EDTA in a ratio of 1.4 þ 0.1 islets/Wl of
bu¡er. A higher initial ratio (2.4 islets/Wl) was used
in the experiments aiming at measuring the reaction
velocity in the presence of increasing numbers of islet
equivalents. Aliquots (10^30 Wl) of the islet homoge-
nates were mixed in a 1:9 or 1:10 ratio (v/v) with a
reaction mixture consisting of the same bu¡er and
containing K-D-glucose pentaacetate. The assay me-
dium (0.10^0.33 ml) was then incubated for 30^60
min at 30‡C, the reaction being halted by heating
for 5^7 min at 60‡C. The acetate content of the assay
medium was eventually measured as described below.
In the experiments aiming at assessing the e¡ect of
pH upon reaction velocity, the assay medium con-
sisted of a KH2PO4/Na2HPO4 bu¡er (100 mM, pH
6.8^8.0).
In order to assess the uptake and hydrolysis of the
hexose esters by intact islets, groups of 100 islets
each were incubated for 120 min at 37‡C in 120 Wl
of a glucose-free HEPES- and bicarbonate-bu¡ered
medium [6] equilibrated against a mixture of O2/CO2
(95:5 v/v) and containing bovine serum albumin
(1.0 mg/ml; Fraction V, Boehringer Mannheim, Ger-
many) and, when required, 1.7 mM K-D-glucose pen-
taacetate, L-D-galactose pentaacetate or L-L-glucose
pentaacetate. This concentration is close to the limit
of solubility of these esters. The incubation medium
was then separated from the islets, which were resus-
pended in 120 Wl of the HEPES- and bicarbonate-
bu¡ered medium, heated for 7 min at 70‡C and even-
tually sonicated (3U10 s). Aliquots (15 Wl) of these
biological samples were mixed with 85 Wl of H2O and
used for the assay of acetate (see below). In order to
provoke the chemical hydrolysis of the hexose esters,
other aliquots (20 Wl each) of the incubation media
or islet homogenates were mixed with 80 Wl of H2O
and 100 Wl of perchloric acid (10%, v/v), heated for
60 min at 60‡C, neutralized with 200 Wl of KOH
(0.9 M) and centrifuged for 10 min at 1800Ug, sam-
ples (100 Wl each) of the supernatant being eventually
examined for their acetate content.
For acetate assay, the 100 Wl of either the biolog-
ical samples or standards of acetic acid prepared in
H2O were mixed with an equal volume of an imida-
zole-HCl bu¡er (0.1 M, pH 7.2) containing 50 mM
KCl, 5 mM MgCl2, 1.0 mM EDTA, 1.0 mM ATP,
1.0 mM phospho-enol-pyruvate and 1.0 mM NADH,
1.35 U/ml of both rabbit muscle pyruvate kinase (EC
2.7.1.40) and lactate dehydrogenase (EC 1.1.1.27)
and, when required 23.6 U/ml acetate kinase from
Escherichia coli (EC 2.7.2.1). This allowed the step-
wise conversion of acetate and ATP to acetyl-P and
ADP (acetate kinase), of ADP and phospho-enol-
pyruvate to ATP and pyruvate (pyruvate kinase),
and of pyruvate and NADH to lactate and NAD
(lactate dehydrogenase). All enzymes were purchased
from Boehringer-Mannheim (Germany). After 60 min
incubation at 30‡C, the samples were either mixed
with 0.6 ml of H2O and examined extemporaneously
for their NADH content by spectrophotometry at
340 nm (study of esterase activity in islet homoge-
nates) or mixed with 0.5 ml of HCl (0.1 M), incu-
bated for 30 min at 20‡C, added with 1.0 ml of
NaOH (6.0 M), heated for 6 min at 60‡C, and even-
tually examined for their NAD content by £uorom-
etry (study of hexose ester metabolism in intact is-
lets). The paired di¡erence of readings made after
incubation in the absence or presence of acetate ki-
nase was used to calculate the amount of NADH
consumed or NAD formed during the 60 min in-
cubation at 30‡C.
All results are presented as mean values ( þ S.E.M.,
or individual deviation from mean value when n = 2),
together with the number of individual determina-
tions (n). The statistical signi¢cance of di¡erences
between mean values was assessed by use of Stu-
dent’s t-test. The S.E.M. on the sum or di¡erences
between mean values was calculated as described
elsewhere [6].
3. Results
3.1. Enzymatic data
In the experiments conducted in islet homogenates,
the amount of acetate was judged from the fall in the
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NADH content of the assay medium. Fig. 1 illus-
trates the reference curve for the measurement of
the acetate standards in this procedure. The blank
value (no acetate) of such a reference curve, possibly
attributable to the contamination of acetate kinase
by acetate, did not exceed 2.1 þ 0.1 nmol of acetate
equivalent per sample.
In a large series of experiments, the reaction veloc-
ity for the hydrolysis of K-D-glucose pentaacetate
(1.2 mM) at pH 7.4 averaged, after correction for
the blank value found in the absence of islets,
14.0 þ 1.1 pmol/islet per min (n = 33). The readings
made after incubation of the islet homogenates
in the absence of K-D-glucose pentaacetate were
negligible relative to those obtained after incuba-
tion of the islet homogenates in the presence of the
ester.
At a concentration of K-D-glucose pentaacetate of
1.2 mM, the amount of ester hydrolyzed was propor-
tional to the number of islets (1.3, 2.6, 5.2 and 10.4)
in each sample, progressively increasing from
14.6 þ 2.7 (1.3 islets) to 127.0 þ 18.2 (10.4 islets)
pmol/min (n = 9^11). It also increased in proportion
to the length of incubation (Fig. 2, inset of left pan-
el).
The blank values found in the absence of islets
indicated that, relative to its nominal concentration,
the percentage of hydrolysis of K-D-glucose penta-
acetate (1.2 mM) averaged 4.2 þ 0.9, 11.8 þ 1.0 and
33.9 þ 2.6% at pH 6.8, 7.4 and 8.0 respectively. After
correction for such blank values, the reaction veloc-
ity averaged, at pH 6.8 and 8.0 respectively,
73.8 þ 4.9 and 57.0 þ 6.6% of the mean reference val-
ue, found within the same experiments, at pH 7.4
(Fig. 2, left panel).
Fig. 1. Consumption of NADH (v) in the assay of acetate
standards. Mean values ( þ S.E.M.) refer to seven individual ex-
periments.
Table 1
Acetate content of the incubation media and islet homogenates in the experiments conducted in the presence of hexose esters (1.7 mM)
Material Incubation
conditions
Chemical
hydrolysis
Acetate (nmol/sample)a
Islets Time (min) K-D-Glucose PA L-L-Glucose PA L-D-Galactose PA
Medium Nil Nil Nil 26.7 þ 10.2 (4) 53.9 þ 18.7 (4) 36.2 þ 7.9 (5)
Medium Nil 120 Nil 55.9 þ 14.6 (4) 77.5 þ 18.4 (4) 64.3 þ 26.5 (2)
Medium 100 120 Nil 222.0 þ 20.8 (7) 214.3 þ 18.4 (7) 221.3 þ 15.3 (8)
Islets 100 120 Nil 12.6 þ 4.9 (7) 37.7 þ 10.2 (2) 16.2 þ 4.3 (5)
Medium Nil 120 + 1080.2 þ 47.9 (2) 965.9 þ 136.0 (2) 899.6 þ 107.6 (2)
Medium 100 120 + 1121.0 þ 98.9 (5) 674.2 þ 194.8 (4) 930.2 þ 110.2 (4)
Islets 100 120 + 72.8 þ 17.3 (6) 118.3 þ 49.6 (6) 57.3 þ 10.7 (6)
aAll results refer to 120 Wl of incubation medium or 100 islets, and are corrected for the measurements made in the absence of any
ester.
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At pH 7.4, the Km value for K-D-glucose penta-
acetate was close to 0.95 mM (Fig. 2, right panel).
3.2. Hydrolysis of K-D-glucose, L-L-glucose and
L-D-galactose pentaacetate esters in intact islets
In the experiments conducted in intact islets, the
measurement of acetate was based on the production
of NAD in the sequence of reactions catalyzed by
acetate kinase, pyruvate kinase and lactate dehydro-
genase. In order to estimate the hexose pentaacetate
content of biological samples, they were extracted
with perchloric acid (see below). Fig. 3 illustrates
the reference curves for the acetate standards exam-
ined before or after perchloric acid extraction.
In order to assess the hydrolysis of the hexose
esters, groups of 100 islets each were incubated for
120 min in the presence of 1.7 mM K-D-glucose pen-
taacetate, L-L-glucose pentaacetate or L-D-galactose
pentaacetate, the acetate content of the incubation
medium and islet pellet being then measured. The
results obtained with each of the three esters were
not signi¢cantly di¡erent from one another (Table
1) and were, therefore, pooled together (Fig. 4).
In media incubated for 120 min at 37‡C in the
absence of islets, the percentage of ester converted
to acetic acid averaged 6.5 þ 1.0% (n = 10), such a
value being corrected for the readings obtained
with control media deprived of any ester. The per-
centage of hydrolysis found after 120 min incubation
was only slightly higher (P6 0.05) than the value
found at the onset of the incubation period, i.e.
3.8 þ 0.7% (n = 13).
When groups of 100 islets each were incubated for
120 min in the presence of the esters (1.7 mM), the
percentage of hydrolysis in the incubation media
averaged 21.5 þ 1.0% (n = 22), such a value being al-
ready corrected for the measurements made after in-
cubation of the islets in media deprived of any ester.
In the latter case, the measurements of acetic acid in
the incubation medium were not signi¢cantly di¡er-
ent from those made in the same media when incu-
bated in the absence of islets. The comparison be-
tween the percentage of ester hydrolysis after
incubation in the presence and absence of islets in-
dicated that the amount of acetate formed from the
esters and recovered in the extracellular medium
averaged 1.7 þ 0.1 nmol/islet after 120 min incuba-
tion.
After incubation, the islet pellet was resuspended
Fig. 2. Hydrolysis of K-D-glucose pentaacetate by islet homogenates. (Left panel) E¡ect of pH upon the hydrolysis of the ester
(1.2 mM); the inset refers to the time course of hydrolysis at pH 7.4. (Right panel) Double reciprocal plot at pH 7.4. Mean values
( þ S.E.M.) refer to six to 12 individual measurements.
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in 120 Wl of bicarbonate-bu¡ered medium, heated for
7 min at 70‡C and sonicated (3U10 s), the resulting
homogenate being eventually examined for its con-
tent in acetate. The results obtained in islets incu-
bated in the presence of the esters were corrected
for the paired readings found after incubation of
the islets in the absence of any ester. The latter read-
ings averaged 64 þ 10 pmol/islet (n = 4). The ester-in-
duced increase in acetate islet content averaged
175 þ 38 pmol/islet (n = 14; P6 0.001).
Full hydrolysis of the esters was achieved by incu-
bating perchloric acid extracts of the incubation me-
dia or islet homogenates for 60 min at 60‡C. After
subsequent neutralization of the extracts, the meas-
urements of acetate indeed yielded a mean recovery
for both the ester itself or the acetate molecules gen-
erated from the ester and found in the incubation
medium of 96.3 þ 5.6% (n = 6) and 90.7 þ 7.0% (n =
13) in media obtained after incubation in the absence
or presence of islets, respectively, these values being
corrected for the corresponding readings made after
incubation in the absence of ester. Based on the
measurements of both the ester-induced increase in
the acetate content of the islets (see above) and the
islet content of the ester itself (see below), the fall in
the amount of acetate recovered in the perchloric
acid extracts of the extracellular media after incuba-
Fig. 3. Generation of NAD in the assay of acetate standards
prepared in H2O (closed circles and solid line) and further ex-
tracted with perchloric acid (open circles and dotted line).
Mean values ( þ S.E.M.) refer to four (perchloric acid extracts)
or ¢ve (aqueous solutions) individual experiments, and are ex-
pressed relative to the £uorescence of NAD standards.
Fig. 4. Schematic view of the catabolism of hexose pentaacetate
esters in intact islets. In the main graph, the upper solid line
depicts the fall in the total content of esteri¢ed and non-esteri-
¢ed acetate of the extracellular medium during incubation of is-
lets (100 islets in 120 Wl of medium) for 120 min at 37‡C, the
results being expressed in percent of the maximal initial concen-
tration of esteri¢ed acetate (8.5 mM, or 1.7 mM of pentaacetate
ester). The lower solid and dotted lines illustrate the increase in
the unesteri¢ed acetate content of the extracellular medium dur-
ing incubation in the presence and absence (control) of islets,
respectively, the results being expressed as just mentioned. The
inset refers to the increase in the islet content of esteri¢ed
(dashed line) and unesteri¢ed (solid line) acetate, both expressed
as nmol of pentaacetate ester equivalent per islet. Mean values
( þ S.E.M.) refer to four to 22 individual determinations (see
text).
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tion in the presence of islets should average 16.6 þ
4.2 nmol, resulting in a theoretical acetate recovery
of 91.9 þ 2.1%, close to the observed value of
90.7 þ 7.0%. The similarity between these two percen-
tages is consistent with the low oxidation rate of
K-D-glucose penta[1-14C]acetate or L-D-galactose
penta[1-14C]acetate [3].
After correction for both the readings made in
extracts of islets incubated in the absence of esters
and the ester-induced increment in the acetate con-
tent of islet homogenates examined before perchloric
acid extraction, the measurements in perchloric acid
extracts of islets incubated in the presence of the
ester yielded an ester content averaging 130 þ 41
pmol/islet (n = 18).
4. Discussion
The present ¢ndings document the presence in islet
cells of esterase(s) catalyzing the hydrolysis of K-D-
glucose pentaacetate, with a pH optimum close to 7.4
and a Km for the ester close to 0.95 mM. Taking into
account the latter value, the reaction velocity in islet
homogenates was about 5 times higher than the rate
of K-D-glucose pentaacetate hydrolysis in intact islets
incubated for 120 min in the presence of the ester at
a 1.7 mM concentration.
Under the latter conditions, the measurement of
the ester-induced increment in both the acetate con-
tent of the islets (about 0.2 nmol/islet) and acetate
output from the islets (about 1.7 nmol/islet) yielded
results comparable to those found in the case of ei-
ther L-L-glucose pentaacetate or L-D-galactose pen-
taacetate.
Likewise, after 120 min incubation, the islet con-
tent in esteri¢ed pentaacetate (about 0.1 nmol/islet)
was comparable in the case of the three esters. Tak-
ing into account the intracellular water space [3], it
yields an apparent intracellular concentration of the
ester at least one order of magnitude higher than its
extracellular concentration. This is in fair agreement
with the measurement of the radioactive content of
islets exposed to K-D-[U-14C]glucose pentaacetate [3],
and suggests that a major fraction of the ester may
be inserted in the phospholipid domain of the plasma
membrane and/or the membrane of intracellular or-
ganelles. In turn, such a partitioning may explain, in
part at least, the higher rate of ester hydrolysis in
islet homogenates compared to intact islets.
Monosaccharide esters are thought to cross the
plasma membrane without requiring the intervention
of a speci¢c carrier system [1]. The present ¢ndings
document that hexose pentaacetate esters that stim-
ulate insulin release or fail to do so are equally well
taken up and hydrolyzed by islet cells. This implies
that the insulinotropic action of some of these esters
may be favored by the catabolism of their hexose,
rather than acetate, moiety in these cells. However,
the fact that L-L-glucose pentaacetate also stimulates
insulin release indicates that a mechanism other than
the catabolism of the hexose moiety must account
for its insulinotropic action. For instance, it may
involve a signaling process comparable to that cur-
rently held responsible for the recognition of bitter
taste by taste buds [2].
In conclusion, therefore, although the present
work reveals that islet cells are equipped to catalyze
the hydrolysis of hexose pentaacetate esters, and in-
deed do so, it argues against the view that the catab-
olism of the acetate moiety of such esters plays any
major role in their insulinotropic action. Moreover,
the catabolism of the hexose moiety of these esters
may also not be su⁄cient to fully account for their
secretory e¡ects, since L-L-glucose pentaacetate also
stimulates insulin release, albeit to a much lesser ex-
tent than K- or L-D-glucose pentaacetate [1].
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